An albumin with a well-balanced amino acid composition and high levels of the essential amino acids was purified to homogeneity from the mature seeds of Amwuntkw hypochondriacus. The 
Seed storage proteins, intended as a source of nitrogen for germinating seedlings, form an important source of dietary protein for human beings. Humans require a diet with a balanced amino acid composition, but often seeds are deficient in at least one of the essential amino acids. For years plant breeders have tried to improve the balance of essential amino acids in important crop plants (1) . Molecular approaches for improving the nutritional quality of seed proteins provide alternatives to the conventional approaches. In vitro mutagenesis of the coding region of certain seed proteins has been attempted to increase the levels of essential amino acids (1, 2) . Another approach is to transfer heterologous storage protein genes that encode proteins with higher levels of limiting amino acids (3) . Expressing high levels of a particular amino acid by heterologous gene transfer or by mutation may be detrimental to the normal physiology of seed development. This may also produce seeds with a biased amino acid composition. An alternative approach is, therefore, to express a gene for a heterologous protein with a balanced amino acid composition.
Grain amaranth is a pseudo cereal with a high protein content (17-19%o of seed dry weight) as compared to more traditional crops that have an average of -10%o protein (4) . Its protein is rich in essential amino acids such as lysine, tryptophan, and sulfur-containing amino acids (5) . It can therefore be used as the source of a gene that encodes a protein of high nutritional value. In spite of good quality and quantity, these proteins have not yet been purified and characterized. In Amaranthus, 50%o of the total seed proteins at maturity are globulin and albumin (6) . As a first step toward developing transgenic plants with balanced protein composition, we report the cloning of a full-length cDNA from Amaranthus that encodes a 35-kDa protein rich in essential amino acids. Proc. Natl. Acad. Sci. USA 89 (1992) 11775 affinity-purified essentially by the procedure of Elledge and Davis (10) . Western blot analysis was done as described by Towbin et al. (11) . Protein bands were visualized by staining with ponceau S (12) prior to immunodetection. Antibodies were used at a dilution of 1:10,000 (antiserum) or 1:5000 (affinity-purified antibodies). Alkaline phosphatase-conjugated anti-rabbit IgG (Promega) was used as the secondary antibody.
Amino Acid Analysis. The amino acid content of the purified protein was determined by using a LKB a Plus 4151 amino acid analyzer. Samples were hydrolyzed with 6 M HCl under vacuum at 1050C for 22 h prior to analysis. RNA Isolation. Total RNA was isolated by the phenol/ chloroform extraction and LiCl precipitation procedure of Ausubel et al. (13) . Poly(A)+ RNA was isolated from total RNA by two rounds of selection on an oligo(dT)-cellulose column by the procedure of Okayama et al. (14) .
In chromatographed on a chromatofocusing column. A 35-kDa albumin protein was eluted in four peaks at pH 7.4, 7.1, 6.8, and 6.7 (a faint band but clearly visible on immunoblot analysis; Fig. 1 A and B) ; the other two peaks did not have any 35-kDa albumin protein. Protein eluting at pH 7.4, AmAl (peak I), was further purified on a gel-filtration column (data not shown). Fig. 1 C and D shows the purity of the protein by one-and two-dimensional gel electrophoresis. Antibodies raised against purified peak I protein, showed immunoreactivity with the 35-kDa polypeptide present in other peaks, indicating that the protein may have at least four isoforms (Fig. 2) . When albumin fraction was analyzed on an isoelectric focusing gel, three distinct bands and one faint band were visible on immunostaining (Fig. 2, lane C) (Fig.  7B) . The derived amino acid composition shows high levels of the essential amino acids that is similar to the composition obtained by protein hydrolysis (Table 2 ). The differences observed are due to technical limitations with Picotag system (Waters) of amino acid analysis as it normally shows reduced levels of sulfur amino acids and high level of glycine. A poly(A) stretch is missing from the sequence although two putative polyadenylylation signals are located 50 and 194 bp downstream from the stop codon (Fig. 7A) . No homology was seen between the deduced protein sequence of AmAl cDNA and other seed-specific proteins.
DISCUSSION
We report the isolation and characterization of a full-length cDNA clone that encodes a nutritionally balanced 35-kDa protein. The protein was purified to homogeneity and found to be developmentally regulated and seed-specific. It shows Proc. Natl. Acad. Sci. USA 89 (1992) 11777 AmAl is synthesized during early embryogenesis and stored until maturation. On germination, the level of AmAl does not immediately go down but by the third day of germination it completely disappeared (data not shown). By then the seed also has disintegrated completely. However, when we looked at two globulins of 54 and 33 kDa, their level was considerably reduced by the first day (data not shown). So the function of this protein remains unclear. Albumins from other seeds are known to have storage functions (24 The amino acid composition obtained from purified protein and the derived amino acid sequence shows a high proportion of essential amino acids such as lyine, leucine, threonine, phenylalanine, valine, and sulfur amino acids ( Table 3 ) that are otherwise deficient in the major seed proteins of legumes and cereals. It has relatively low level ofglutamine compared to other seed storage proteins (26) . Interestingly, the AmAl amino acid composition closely matches the values recommended by the World Health Organization, making it more important nutritionally.
Seed storage proteins are localized in protein bodies and are often glycosylated. AmAl was found to be present in the cytosol and not localized in protein bodies. This was confirmed by cDNA analysis. The putative polypeptide encoded by the open reading frame of AmAl cDNA is 35 kDa. In addition, hybrid-selected translation of AmAl mRNA gave a 35-kDa polypeptide, the size of the purified protein (Fig. 3B) . A hydropathy plot ofthe deduced protein sequence indicates the presence of a small stretch of hydrophobic amino acids near the N terminus (Fig. 7B) . The functional relevance of this region is not yet established. This does not appear to be a signal peptide as the amino acids after this stretch do not meet the requirement of a signal sequence (27, 28) . Three putative glycosylation sites are also present in the sequence although the protein was not glycosylated as indicated by periodic acid/Schiff reagent staining (data not shown).
The AmAl gene is expressed during early embryogenesis. Mature seeds even after 1 year of storage contained AmAl mRNA, although at a reduced level, suggesting that it is very stable. Germinated seeds did not contain any AmAl mRNA. No RNA was detected in leaves and roots, suggesting that the expression is tissue-specific. Such specificity ofexpression is due to sequences in the promoter and enhancer regions ofthe gene.
To summarize, AmAl is a seed-specific protein that unlike many seed storage proteins contains hig levels of the essential amino acids. Because of its high nutritional value, the gene encoding this protein may be able to compensate for amino acid deficiencies of many seed proteins once it is genetically engineered into target plants.
